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ABSTRACT 
  Construction on soft ground area is a great challenge to the field of 
Geotechnical Engineering. Soft ground area often affected by stability and 
settlement problems.  The soft ground cannot take external load without having 
large deformations. Thus, soft soil improvement is needed. Soft ground 
improvement methods have been used in many parts of the world to minimize these 
problems. The problem could be minimized by many techniques such as Remove 
and Replace (R&R), Preloading technique with or without Prefabricated Vertical 
Drain and Pile Embankment. This study aimed to determine the suitable method to 
improve the soft ground in area of Lahad Datu, Sabah. This study conduct the 
interpretation of bore log obtains from the site investigations at the area of 
construction site need to be develop. From the bore log interpretation, the subsoil 
profile of this area consist of the very soft soils to soft soils which comprise a clayey 
soils and silty soils with varying thickness below the ground surface. The 
characteristic of soft soil is non-uniform and complicated which have high moisture 
content and loose sand deposit because this area is located near to the river. This 
research also analysed the primary consolidation settlement based on one-
dimensional consolidation theory by Terzaghi (1984) due to the expected loading on 
site. This research has focus to eliminate the excessive settlement due to the heavy 
fill embankment and high bearing capacity. The settlement under 8.0m permanent 
fills about 473.4mm shows the settlement at this project area is a very excessive 
settlement. The Remove and Replace R&R method is not suitable to implement for 
this study because the soft soils layer is thicker which is about 15.0m of soft soils 
need to be removed and another 8.0 of embankment need to be filled to reach the 
finished level. The prefabricated vertical drain (PVD) method also not suitable as 
ground improvement method for this study area because PVDs are used to shorten 
the surcharging period and accelerate settlement not to reduce it. PVDs cannot load 
the high bearing capacity which is about 160 kN/m
2
 of loading need to support for 
embankment fill. Therefore, this study was decided to choose the pile embankment 
to load heavy fill embankment and to eliminate the effect of excessive settlement. 
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ABSTRAK 
Pembinaan di kawasan tanah yang lembut adalah satu cabaran besar dalam 
bidang Kejuruteraan Geoteknik. Kawasan tanah yang lembut sering dipengaruhi oleh 
masalah kestabilan dan mendapan tanah. Tanah lembut tidak dapat menanggung 
beban luaran tanpa mengubah bentuk tanah. Oleh itu, penambahbaikan tanah lembut 
diperlukan. Kaedah pembaikan tanah  lembut telah digunakan di kebanyakan dunia 
untuk mengurangkan masalah kegagalan tanah lembut. Antaranya ialah masalah ini 
dapat dikurangkan dengan pelbagai kaedah seperti „Remove and Replace‟ (R & R), 
teknik „Preloading‟ dengan atau tanpa „Prefabricated Vertical Drain‟ (PVD) dan „Pile 
Embankment‟. Kajian ini bertujuan untuk menentukan kaedah yang sesuai untuk 
penambahbaikan tanah lembut di kawasan Lahad Datu, Sabah. Kajian ini dijalankan 
dengan penafsiran „bore log‟ yang  diperoleh daripada penyiasatan tanah di kawasan 
tapak pembinaan yang akan dibangunkan. Kajian ini juga menganalisis kaedah 
mendapan menggunakan „One-Dimensional Consolidation Theory‟ oleh Terzaghi 
(1984) berdasarkan beban yang akan ditanggung oleh tanah lembut tersebut. Kajian 
ini juga memberi tumpuan untuk menghapuskan mendapan yang berlebihan 
disebabkan oleh beban tambakan tanah yang besar dan keupayaan galas tanah yang 
tinggi. Jumlah mendapan pada 8.0m tambakan tanah yang kekal sebanyak 473.4mm 
menunjukkan mendapan yang akan berlaku di kawasan projek ini adalah mendapan 
yang sangat berlebihan. Kaedah R & R adalah tidak sesuai dilaksanakan untuk kajian 
ini kerana lapisan tanah lembut yang mempunyai ketebalan 15.0m perlu dikeluarkan 
dan perlu ditambak dengan 8.0m tanah yang lebih baik untuk mencapai aras formasi 
yang diperlukan. Kaedah (PVD) juga tidak sesuai digunakan sebagai kaedah 
pembaikan tanah lembut di  kawasan ini kerana PVD digunakan untuk 
memendekkan tempoh surcaj dan mempercepatkan  mendapan  tetapi tidak 
mengurangkannya. PVD juga tidak boleh menanggung keupayaan galas yang tinggi 
iaitu sebanyak 160 kN/m2 beban yang akan ditanggung untuk menanggung tanah 
yang ditambak. Oleh itu, kajian ini telah menggunakan kaedah „Pile Embankment‟ 
untuk penambahbaikan tanah lembut bagi menanggung beban tambakan tanah yang 
besar dan untuk menghapuskan mendapan yang berlebihan. 
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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Background of The Study 
 
 
Geotechnical Engineer has always been a challenge of weak foundation 
especially on soft soils. Soft soils are defined as soils with large amount of fine 
particles such as clayey and silty soils with high moisture content, peat or loose sand 
deposition and located near or below the water table (Kamon, M. and Bergado, 1991, 
p.526). Soft soil is non-homogeneous with particles of highly variable and complex 
properties unlike other construction materials (Rohayu Che Omar and Rashid Jaafar, 
2000, p. 316). The typical characteristic of soft soils such as low shear strength, low 
permeability and high compressibility will make them inadequate to support 
additional load of infrastructure built on them (N O Mohamad et. Al, 2002, p.1).  
 
 
The problem with soft soil in engineering construction always occurs even 
during pre or post construction. This is because the soft soil cannot meet the 
specification required for construction such as bearing capacity of soft soil is too 
weak to support structure above. Construction problems normally reported on soft 
soils area are low bearing capacity, excessive long term constructions settlement and 
instability in excavation and embankment construction (N O Mohamad et. Al, 2002, 
p.1). The characteristics and engineering properties of the soft soils was determined 
to improve understanding of the problems. Normally, the original soil s at a 
construction site are not always suitable to support structure such as dams, bridges, 
highways and buildings. Therefore, if the structure constructed on the soft soil, 
problems will occur after the construction completed. The structure will have high 
settlement and crack will occur because of this settlement. 
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Normally, the deformation of soil due to applied stresses is a one of the 
settlement problem. As a result of this deformation, the load geometry carrying 
system will have changed, a part of the fill material under the high ground water 
level will become buoyancy which will affected the soil stability of the soil and total 
surcharge loading (Balasubramaniam A S and Brenner R P, 1981, p.481). The 
settlement of structure usually happens by the movement of the soft soil deal to the 
change of ground water table and surcharge. If the settlement is unrest, the crack of 
the structure will become bigger and the structure will start exhibit movement 
without any reason. Settlement problems can be preventing with the understanding of 
the characteristics of the soil using bore log, recognizes the variety of soil types and 
finding the right solution for the soils that carries the structure loads and finding 
potential problems. 
 
 
 The suitable soil improvement techniques are required to overcome soft soils 
problems which can increase the bearing capacity, reduce post construction 
settlements and reduce liquefaction risk. The engineering characteristic of soft soil is 
well studied and recorded through researches and field trials.  
 
     
 
1.2 Problem Statement 
 
 
Excessive settlement along bridge approach is a one of geotechnical 
engineering problem found in the lower region of Sabah. The mechanism of 
excessive settlement is due to the soft soil condition because the project is located 
near to the river and expected high loads applied on the soft soil. To overcome the 
excessive settlement problem, engineers have developed different type of soft ground 
improvement. The settlement of foundation on soft soil construction has become one 
of the key problems for foundation design because of the less suitable land for 
development of civil engineering construction. The problem could be minimized by 
many techniques such as Remove and Replace (R&R), Preloading technique with or 
without Prefabricated Vertical Drain and Pile Embankment. Therefore, the selection 
of most suitable method for soft soil treatment need to be choose base on the soft soil 
condition on site and the settlement value due to the heavy fill embankment. 
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Removal and replacement of soil is the simplest and oldest methods which 
improve the soil bearing conditions. By replace the poor soils such as medium or soft 
clay and organic soil with more suitable materials such as crushed stone, sand or 
gravel as well, nearly any soil can be used in fills will improve the foundation 
condition. However, some soils are not suitable to use as a replacement layer if there 
are hard to compact than others material when used as a replacement layer (Sherif 
Abdel Salam, 2007). The use of removable and replacement of soil for shallow 
foundation treatment can effectively increase the bearing capacity and reduce 
settlement of soil. The success of this method depends on the good workmanship for 
replacement of suitable material. The effectiveness of using various types and 
thickness of replacement material can increase the bearing capacity and reducing 
consolidation settlement of soft soil. Gnerally concluded with increasing the 
thickness of the replacement layer, the vertical settlement decreased (Marwa Abdel 
Fatah, p. 12).  
 
 
If the removal and replacement method is not suitable, preloading or pre 
compression method where just easilyy to place a surcharge fill as loading on top of 
the soil that need large settlement to happen before construction of the structure. The 
fill can be removed after the desired consolidation settlement achieved. In general, 
this method is effective and adequate in clayey soil. Since clayey soils have low 
permeability, so the desire consolidation in clayey soils takes too long time to happen 
even with very high of surcharge load. Hence, preloading may not be a possible 
solution with tight construction schedule. Hence, the prefabricated vertical drains 
(PVD) may be used to reduce the surcharge time but not to accelerate settlement.  
Pore water will flow laterally to the nearest vertical drain instead of travel vertically 
to the permeable drain layer. Hence, the drainage distance decreased. Therefore, this 
can decrease the distance of the drainage flow. The surcharging time will decrease 
whenever distance between the vertical drain become closer (Won Pyo Hong & 
Seongwon Hong, 2017). The temporary surcharge is developed by putting the 
embankment material to the height in excess of the final design height, normally are 
used to expedite the pre compression rate. If the temporary load is bigger, the rate of 
pre compression may become faster. Besides, surcharge is also controlled by stability 
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consolidation and the availability of sufficient fill. The cost of earthwork will 
increase if more placement and subsequent removal of a temporary surcharge is 
needed. In some condition, the slope of the embankment may need to be flattened or 
supported by or install toe berms to maintain stability of the foundation of the 
embankment which will also increase the construction cost. 
 
 
To provide an economical solution to the problem of constructing 
embankments solution on the soft soils, the piled embankments may be used for the 
alternative. A pile embankment is an embankment supported by driven into in the 
soft soil. A pile embankment constructed by driving piles with a grid formation 
layout in a soft soil through a required depth to reach a hard stratum of firm soil or 
bedrock. The piles can overcome the uneven surface settlements problem that 
sometimes may happen in embankment supported by pile without reinforcement. 
Piles embankment has been used to transfer large embankment loads through soft 
clay deposits to a firm layer. The embankment load may be transferred directly to the 
pile through a slab. Lateral flows of the soft soil affected by the embankment loads 
are effectively prevented through the soil arching mobilize in pile-supported 
embankments.  
 
 
There three types of pile supported embankment these being slab, cap beams 
and isolated caps placed on heads of the piles. In case of the pile slab method, the 
pile is uniformly and appropriately installed in several rows in soft soils, a concrete 
slab covers the head of the piles, and embankment materials are filled on the concrete 
slab (Won Pyo Hong & Seongwon Hong, 2017). The reduction of approach 
embankment settlement is cited as a specific application of embankment piles. In this 
method, the influence factor such as height of embankment, depth of soft ground, 
elastic modulus of soft ground and stress concentration are investigated. At the end, 
both the differential and total settlements of the embankment can be eliminated 
(Low, B.K., Tang, S.K., Choa, V., 1994). 
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1.3 Objectives of the Study 
 
 
  In general, this study will be carried out to understand the behaviour of soft 
soil. In more specific terms the objectives of this study are as follows: 
 
a. To interpret bore log due to the soil profile and properties on site. 
 
b. To calculate the settlement of soft soil base on the expected loading on site. 
 
c. To design the most suitable method to improve soft ground on site due to 
heavy fill embankment applied on the soft ground. 
 
 
 
 
1.4 Scope of the study 
 
 
  The scope of this study is a development of bridge constructions in an area in 
Lahad Datu, Sabah. This study involves only the soil improvement for approaching 
lane connected to the bridge which is located near to the river. Boreholes were 
carried out to obtain the subsoil information and necessary soil parameters for 
planning and assessment of the soil treatment design. The selection of soils treatment 
based on the settlement value calculated on the expected loading on site. Therefore, 
the pile embankment design is the most suitable method to treat the soft soil due to 
high load applied on the soft soil. 
 
 
 
 
1.5 Significance of the Study 
 
 
In engineering construction, many methods are applied for the ground 
improvement of the soft soils. Mostly in Malaysia, soft ground usually has coastal 
alluvial soil which extremely soft and easy to find at costal area. Many problems can 
be happened on the soft ground soil in construction area especially at road and 
building construction. if not treated properly, settlement will be occurring at the soft 
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ground. The weak and compressible of soft ground leads to embankment failure and 
collapse. Hence, the suitable method to improve the soft soils is the pile 
embankment.  The pile embankments are applied on soft soils and have various 
advantages. Such as the piled embankment can be constructed rather fast and has a 
small settlement after construction or is even settlement-free. Another advantage is 
that a pile embankment can be built next to sensitive constructions.  
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